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An ideal method of construction in space would utilize some form of the “Universal Differentiator” and 
“Universal Constructor” as described by Von Neumann (1).   The Universal Differentiator is an idealized 
non ore specific extractive device which is capable of breaking any ore into its constituent elements, and 
the Universal Constructor can utilize these elements to build any device with controllability to the 
nanometer scale.  During the “Human Exploration Initiative” program in the early 1990s a conceptual 
study was done (2) to understand whether such devices were feasible with near term technology for the 
utilization of space resources and energy.  A candidate system was proposed which would utilize 
electronically enhanced sputtering as the differentiator.  Highly ionized ions would be accelerated to a 
kinetic energy at which the interaction between them and the lattice elections in the ore would be at a 
maximum.  Experiments have shown that the maximum disintegration of raw material occurs at an ion 
kinetic energy of about 5 MeV, regardless of the composition and structure of the raw material.  Devices 
that could produce charged ion beams in this energy range in space were being tested in the early 
1990s.  At this energy, for example an ion in a beam of fluorine ions yields about 8 uranium ions from 
uranium fluoride, 1,400 hydrogen and oxygen atoms from ice, or 7,000 atoms from sulfur dioxide ice.  
The ions from the disintegrated ore would then be driven by an electrical field into a discriminator in the 
form of a mass spectrometer, where the magnetic field would divert the ions into collectors for future 
use or used directly in molecular beam construction techniques.  The process would require 10-7 Torr 
vacuum which would be available in space or on the moon.  If the process were used to make thin film 
silicon solar cells (ignoring any energy inefficiency for beam production), then energy break even for 
solar cells in space would occur after 14 days.
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